A foraging fiddler crab can estimate how close a potential intruder is from its burrow entrance, even when the entrance in the sand is invisible to the crab. Recent work shows that, to assess this depth interval, crabs combine information from vision and path integration in an unusual manner.
clear from Figure 1 that the crab does not derive intruder-burrow distance simply by subtracting a measure of crab-intruder distance from one of crabburrow distance.
The crab simplifies the extraction of intruder-burrow distance by adopting an unusual mode of locomotion. Throughout its foraging path, the crab's side-to-side axis -many crabs tend to walk sideways -points at the burrow entrance, so that the entrance always falls on a fixed horizontal position on lateral retina (Figure 2 ). That the crab can keep the burrow fixated, irrespective of whether the entrance is visible, depends on the crab's ability to perform path integration [2] . In common with many animals, the crab on leaving home continuously records the distance and direction of its path, updating an 'accumulator', which provides the crab with immediate knowledge of its net distance and direction from its burrow. The crab, while turning and fixating the burrow, is expressing the directional component of path integration in a way that no other animal is known to do. [7] [8] [9] , are known to make use of this feature of ecological geometry. A 2 metre tall human standing upright should be able to estimate the absolute distance of a target on the ground over much larger distances using retinal elevation than can be done using vergence or parallax induced by head movements.
In earlier work, Zeil and colleagues [5, 10] found that fiddler crabs living on sand-flats are particularly well adapted to exploiting retinal elevation as a cue to distance along the ground. First, by placing their eyes at the top of unusually long eyestalks (Figure 2) , crabs magnify the range of distances that can be discriminated through retinal elevation. Second, the visual acuity of their eyes is especially high at the horizon and falls with the angle of declination, so mapping equal distances viewed on the ground onto a constant number of receptors. Third, crabs hold their eye stalks perpendicular to the slope of the beach. Instead of relying on gravity, they control the attitude of their eye-stalks by keeping the acute zone of the retina aligned with the local horizon.
As the crab knows its distance from the burrow through path integration, it can predict the vertical position of the burrow entrance on its retina, whether or not the entrance can be seen. Thus, thanks to signals from path integration, the horizontal position of the burrow on the retina is fixed and its vertical position can be inferred. In consequence, the actual retinal position of the intruder on the retina can be related to the inferred retinal position of the burrow and so transformed fairly directly into intruder-burrow distance.
A retinotopic representation of intruder position, as sketched in Figure 3 , thus gives a sort of two-dimensional look-up table of intruder-burrow distance. The tricky part of the transformation from the retinal position of the intruder to intruder-burrow distance is that it must be scaled by the crab-burrow distance. 
